We tested the hypothesis that creamatocrit, the length of the cream column separated from milk by centrifugation and expressed as a percentage of the length of the total milk column, is a useful measure of the lipid concentration and the energy content of human milk.
Human milk often is fortified with additives in the nutritional management of preterm infants. Because of the marked variation in the nutrient composition of human milk, 1 the precise energy content of the fortified milk remains unknown. Creamatocrit, the length of the cream column separated from milk by centrifugation and expressed as a percentage of the length of the total milk column, varies with the lipid concentration of milk. 2 We hypothesized that the creamatocrit is a useful measure of the lipid concentration, and hence, of the energy content of human milk. Human milk often is frozen for storage and later thawed before feeding preterm infants. We hypothesized that the freezing and thawing of human milk does not alter the validity of the creamatocrit measurement. To test both these hypotheses, we performed a prospective analysis of human milk, fresh as well as frozen and thawed, for its creamatocrit measurement and nutrient composition.
METHODS

Samples
We collected freshly expressed human milk samples from mothers of preterm infants who were hospitalized in the neonatal intensive care unit at Vanderbilt University Medical Center. The study was approved by the Committee for the Protection of Human Subjects-Health Sciences of the Institutional Review Board of Vanderbilt University, and informed consent was obtained from each mother.
Each milk sample was mixed well and divided into two aliquots, a fresh aliquot for immediate analysis, and a second aliquot, which was placed in a freezer at Ϫ20°C for 7 days and then thawed at 37°C before analysis. Each aliquot was analyzed for creamatocrit, and for concentrations of lipid, carbohydrate, and protein.
Creamatocrit Measurement
A hematocrit centrifuge (International Equipment Co.; Needham Heights, MA), glass capillary tubes (32 ϫ 0.8 mm) (Drummond Scientific Company, Broomall, PA), and a microhematocrit reader (Drummond) were used for the measurement of creamatocrit as described previously. 3 Milk was drawn by suction into capillary tubes from a well-mixed sample. The tubes were sealed at one end with clay (Chase Instruments, Rockwood, TN) and centrifuged at 3000 rpm for 15 minutes. The cream column separated from milk by centrifugation was measured with the microhematocrit reader. The creamatocrit was determined from the length of this cream column and expressed as a percentage of the length of the total milk column. All creamatocrit measurements were performed in triplicate and the averaged values were used for data analysis.
Nutrient Assays
The lipid concentration of each milk sample was determined by gas chromatography. 4 The carbohydrate concentration was determined by orcinol assay, modified from the Svennerholm method. 5 The protein concentration was determined by the Bio-Rad Coomassie assay. 6 All Original Article
nutrient assays were performed in duplicate, and the averaged values were used for data analysis. The energy content of each milk sample was estimated from its nutrient concentrations using conversion factors of 9.0 kcal/gm for lipid, 4.0 kcal/gm for carbohydrate, and 4.0 kcal/gm for protein.
Statistical Methods
For the comparison of fresh and frozen sample results, the Wilcoxon signed-rank test was used to test the null hypothesis that the median difference between outcomes from the two methods was zero. Pearson's correlation coefficient was used to determine the strength of the linear associations between percentage of creamatocrit and the observed lipid, carbohydrate, protein, and energy contents. To assess the value of measuring creamatocrit for the prediction of nutrient and energy content, linear regression analyses were performed using leastsquares estimation. Multiple linear regression was used to explore how freezing and thawing changed the prediction process. All statistical analyses were performed using statistical software (Stata; StataCorp, College Station, TX). All significance tests were two-sided and p values of Յ0.05 were considered statistically significant.
RESULTS
Infant Characteristics
Milk samples were collected from 17 mothers of 18 preterm infants (including one set of twins). Eleven infants were male. Fifteen infants were white, two were black, and one was Asian. The birth weights ranged from 500 to 3401 gm, gestational age at birth from 25 to 36 weeks, and postnatal age at milk sampling from 2 to 60 days. Sixteen infants were appropriate in growth for gestational age, one was small for gestational age, and one was large for gestational age. These characteristics suggest that the data were derived from a wide spectrum of the preterm infant population.
Analysis of Fresh Milk Samples
The creamatocrit measurements of fresh milk samples ranged from 2.0% to 7.9%. Statistically significant positive correlations were found between creamatocrit and lipid concentration (r ϭ 0.92, p Ͻ 0.001) (Figure 1) , and between creamatocrit and energy content (r ϭ 0.90, p Ͻ 0.001) (Figure 2 ). The regression equation for the calculation of the energy content from the creamatocrit of a fresh milk sample was: Energy (kcal/dl) ϭ 5.99 ϫ creamatocrit (%) ϩ 32.5. No statistically significant correlations were found between creamatocrit and carbohydrate concentration (r ϭ 0.19), or between creamatocrit and protein concentration (r ϭ 0.14).
Analysis of Frozen Milk Samples
Freezing and thawing of milk was associated with a small but statistically significant decrease in creamatocrit but had no effect on the concentrations of lipid, carbohydrate, and protein, or the energy content ( Table 1 ). The creamatocrit measurements of frozen milk samples ranged from 2.0% to 7.3%. As observed with fresh samples, the frozen samples also yielded statistically significant positive correlations between creamatocrit and lipid concentration (r ϭ 0.82, p Ͻ 0.001) (Figure 1) , and between creamatocrit and energy content (r ϭ 0.86, p Ͻ 0.001) (Figure 2 ). The regression equation for the calculation of the energy content from the creamatocrit of a frozen milk sample was: Energy (kcal/dl) ϭ 6.20 ϫ creamatocrit (%) ϩ 35.1. No statistically significant correlations were found between creamatocrit and carbohydrate concentration (r ϭ 0.38), or between creamatocrit and protein concentration (r ϭ 0.25). 
DISCUSSION
In this study, creamatocrit correlated strongly with both lipid concentration and energy content of fresh human milk. This finding is in agreement with previous observations by Lucas et al. 2 and Lemons et al. 3 In addition, freezing and thawing of human milk, often practiced in the feeding of preterm infants, did not alter the strong correlations of creamatocrit with both lipid concentration and energy content. This finding is in agreement with a previous observation by Lucas et al., 2 but in contrast to the observation by Smith et al. 7 The milk samples in the latter study were pasteurized and pooled, which might account for the discrepancy in the results. Our data suggest that the creamatocrit may be useful for predicting the lipid concentration and the energy content of human milk, whether fresh or frozen and thawed.
In our study, creamatocrit had no significant correlation with either carbohydrate or protein concentration of human milk, whether fresh or frozen and thawed. The energy contribution of carbohydrate and protein in human milk is fairly constant, partly because of the inverse relation between milk carbohydrate and protein concentrations. 2 The milk lipid, on the other hand, provides the major fraction of energy in human milk and is the most variable constituent. 8 Thus, the variation in energy content of human milk is mostly due to the variation in its lipid concentration. This observation may explain the linear relation between the creamatocrit and the energy content of human milk, which is independent of the carbohydrate and protein concentrations.
Freezing and thawing of human milk in our study was associated with a small but statistically significant decrease in creamatocrit, whereas the nutrient concentrations and the energy content were unaffected. The lipid globules in human milk are bound by a membrane, which is disrupted by freezing and thawing. 9 The resulting fragmentation of the lipid globules promotes compaction of the lipid column and a consequent decrease in the creamatocrit without actual loss of lipid. This observation may explain the slight shift of the regression line between creamatocrit and energy content, shown in Figure 2 , with a minimal or no change in the slope of the line resulting from the freezing and thawing of human milk. The calculation of energy content from creamatocrit therefore must be adjusted and the appropriate regression equation applied when analyzing frozen milk samples.
The clinical application of this study is the simple, inexpensive, and rapid determination of the energy content of a human milk sample, whether fresh or frozen and thawed. The creamatocrit is easy to measure. The equipment needed for its measurement is standard and readily available. More important, the determination of the energy content from the creamatocrit may be useful in the nutritional management of preterm infants fed human milk.
Human milk samples collected in our study were from single expression periods. Although this type of sampling is sufficient to validate the creamatocrit method, a 24-hour collection may be necessary to account for the diurnal variation in the nutrient composition of human milk and for a more accurate depiction of its nutritional value. Also, the milk samples in our study were frozen at a specific temperature of Ϫ20°C for a finite period of 7 days and then thawed only once before analysis. Milk lipid is stable at Ϫ20°C for up to 28 days. 10 However, repeated freezing and thawing of human milk decreases its lipid concentration. 10 Storage of milk in freezers with repeated cycles of freezing and defrosting may have a similar effect. A careful control of the storage conditions therefore is warranted when using creamatocrit as a measure of nutrition in the clinical setting.
In conclusion, creamatocrit accurately predicts the lipid concentration and the energy content of fresh human milk. Freezing and thawing of human milk does not alter the validity of the creamatocrit measurement. Creamatocrit may be useful for an accurate assessment of energy intake in preterm infants fed human milk. 
